ABSTRACT: Lambs (n = 48) were used in a 2 × 2 factorial arrangement of treatments to evaluate effects of inclusion of oil containing PUFA in high-concentrate diets (with or without) and duration of oil supplementation (pre-vs. postweaning) on CLA concentration of muscle and adipose tissue. Lambs were fed preweaning creep diets (with or without oil) corresponding to the dietary lactation treatment diet (with or without oil) of the dam. Dams blocked by lambing date and rearing type were randomly assigned to 1 of 2 lactation dietary treatments with or without oil supplementation. Creep diets contained approximately 70% concentrate and 30% roughage and were provided to lambs for ad libitum intake. At weaning (58.7 ± 2.5 d of age), lambs (n = 48) were randomly assigned within preweaning treatment groups to 1 of 2 postweaning dietary treatments (with or without oil) and 16 pens in a randomized block design, blocked by sex and BW. Postweaning diets were formulated to contain approximately 80% concentrate and 20% roughage and were fed once daily for ad libitum intake. Soybean and linseed oil (2:1, respectively) replaced ground corn and provided 3% additional fat in pre-and postweaning diets. Lambs were slaughtered at 60.3 ± 4.2 kg of BW. A subcutaneous fat (SQ) sample was obtained within 1 h postmortem and a LM sample at the 12th rib was obtained 24 h postmortem, and both were analyzed for fatty acid profile. Feedlot performance and carcass measurements were not affected (P ≥ 0.26) by oil supplementation. Total CLA content of LM and SQ was not affected (P ≥ 0.08) by oil supplementation pre-or postweaning, but trans-10, cis-12 CLA was greater (P = 0.02) in SQ from lambs supplemented with oil postweaning. Total PUFA content in LM was greater (P = 0.02) in lambs supplemented with oil pre-or postweaning as a result of increased concentrations of 18:2cis-9, cis-12 and longer chain PUFA. Conversely, pre-and postweaning oil supplementation resulted in less (P = 0.04) MUFA content in LM. Only postweaning oil supplementation increased (P = 0.001) SQ PUFA content. Feeding oils containing PUFA to lambs pre-and postweaning did not increase CLA content of muscle, whereas postweaning oil supplementation minimally increased CLA concentration of SQ fat. Inclusion of soybean and linseed oil in preand postweaning diets increased total PUFA content of SQ fat and muscle tissue without adversely affecting growth performance or carcass characteristics.
INTRODUCTION
The greater proportion of SFA in ruminant meats compared with other protein sources has become a subject of concern because of the potential role of dietary SFA in the etiology of obesity, hypertension, and coronary heart disease in humans (Baghurst, 2004; Givens, 2005) . Recent studies have demonstrated potential benefits of CLA for human health through putative anticarcinogenic, antioxidative, and antidiabetic effects (Belury, 2002) . Therefore, altering the fatty acid composition of meat products from ruminants to reduce saturated:unsaturated fatty acid ratio and increase CLA content may have value to the lamb and beef industries.
Specific trans-fatty acids, as well as CLA, are formed as a result of incomplete biohydrogenation of linoleic acid (LA) and α-linolenic acid (ALA) by rumen microorganisms. Conflicting results have been reported on altering fatty acid content of meat by supplementing ruminant diets with lipid sources high in these specific Effects of dietary polyunsaturated fatty acid supplementation on fatty acid composition in muscle and subcutaneous adipose tissue of lambs PUFA. Some research suggests supplementing CLA, LA, or ALA in high-concentrate diets fed to lambs can increase CLA and PUFA content in muscle (Bolte et al., 2002; Knott et al., 2003; Boles et al., 2005) , whereas supplementation of LA in finishing diets fed to cattle had no effect on CLA content in adipose or muscle tissue (Beaulieu et al., 2002; Dhiman et al., 2005) . Furthermore, a longer duration (32 vs. 64 d) of corn oil inclusion in high-concentrate diets resulted in no difference in beef intramuscular CLA content (Gillis et al., 2004) . No information is available on the effects of duration of oil supplementation and diets fed before a high-concentrate finishing diet on fatty acid composition of muscle and adipose tissue in ruminants.
Our objectives were to investigate the effects of preand postweaning supplementation of PUFA sources rich in LA (soybean oil) and ALA (linseed oil) in highconcentrate diets fed to lambs on growth performance, carcass characteristics, and fatty acid composition of muscle and adipose tissue.
MATERIALS AND METHODS
Animals were managed in accordance with guidelines recommended by FASS (1998).
Experimental Design, Animals, and Diets
Hampshire × Dorset wether (n = 24) and ewe (n = 24) lambs from the Ohio Agricultural Research and Development Center, Wooster, were used in an experiment with a 2 × 2 factorial arrangement of treatments to investigate the effects of feeding diets with or without inclusion of oil in pre-or postweaning diets. The resulting 4 treatments were 1) control diet preand postweaning, 2) control diet preweaning and oil supplementation postweaning, 3) oil supplementation preweaning and control diet postweaning, and 4) oil supplementation pre-and postweaning.
At lambing, dams were blocked by lambing date and rearing type (single or twins) and then were randomly assigned to 1 of 2 diets (with or without oil supplementation). Dam diets and milk composition were reported previously (Reynolds et al., 2006) . Dams were fed diets with or without supplemental soybean and marine algal oil in a ratio of 2:1 and at 3% of diet (as-fed basis). The lambs were fed corresponding creep diets (with or without oil supplementation) preweaning, which were provided with ad libitum access for 42 d. The preweaning control diet was formulated to contain 50% ground corn, 29% alfalfa, 16% soybean meal, and 5% vitamin/ mineral supplement on a DM basis (Table 1) . Soybean and linseed oil (2:1, respectively) were used as replacements for ground corn to provide 3% additional oil (asfed basis). Soybean meal and alfalfa meal concentrations were increased in the oil-supplemented diets to maintain N concentration when corn meal was replaced with oil. Lambs were weighed at an average age of 21 and 42 d, and creep DMI was recorded weekly.
At weaning (58.7 ± 2.5 d of age), lambs fed the control diet (n = 24) and supplemental oil (n = 24) preweaning were randomly assigned within preweaning treatment groups to 1 of 2 postweaning dietary treatments (with or without oil supplementation) and 16 pens in a randomized complete block design (blocked by sex and BW). Each of the 4 treatments were represented by 2 pens of wethers and 2 pens of ewe lambs and allotted into heavy and light BW blocks. The postweaning control finishing diet was formulated to contain 68% ground corn, 20% alfalfa, 7.5% soybean meal, and 4.5% vitamin/mineral supplement on a DM basis (Table 1) . Finishing diets were offered once daily for ad libitum intake. Soybean and linseed oil (2:1, respectively) replaced ground corn to provide 3% additional oil (as-fed basis), and additional soybean and alfalfa meal were fed to maintain N concentration. During the postweaning phase, lambs were weighed every 14 d and DMI was recorded daily.
Diet constituents were sampled weekly, a subsample was analyzed for DM content at 100°C for 24 h, and another subsample was stored (−20°C) for later analysis of nutrient content. Diet samples were not analyzed for nutrient content because of freezer malfunction. Nutrient composition reported is based on formulations using NRC (2000) . Feed refusals were removed daily and average DMI for lambs in each pen calculated based on weekly DM concentration of diets fed.
Two ewe lambs were removed on d 70 of the finishing trial due to rectal prolapse, and these lambs were also removed from all BW and BW gain calculations. The lambs were slaughtered as 1 group at The Ohio State University Meat Science Laboratory in Columbus after 93 d on the finishing diet.
Carcass Sampling
Kidney fat was removed and weighed before obtaining HCW on the day of slaughter. Carcasses were chilled (4°C) for 24 h and then cut between the 12th and 13th ribs. At the 12th-rib interface, backfat thickness, body wall thickness, and LM area (LMA) were measured. Visual lean color, marbling score, leg score, conformation score, and quality grade (Prime + = 15, Cull − = 1) were estimated according to USDA guidelines (USDA, 1992) . Longissimus muscle samples were obtained from the 11th to 12th thoracic ribs, trimmed of external fat, and ground (Hobart model 4822, Hobart Co., Troy, OH). Muscle samples were then analyzed for moisture and ether extract concentrations (AOAC, 1996) .
Color Measurement
One loin chop (2.54 cm) was removed 24 h postmortem from the left side of the carcass at the 12th rib, butterflied, and exposed to air for 30 min at 4°C. Chops were wrapped with an oxygen permeable film (0.0152-mm polyvinyl chloride film with an oxygen transmission rate of 904.5 cm/24 h, at 21°C; Koch Supplies, Kansas Fatty acid composition of lamb City, MO) and displayed under fluorescent lighting constantly exposed to 1,049 lx of light and at 4°C. Objective color (L*, a*, and b*) was measured 1, 3, 5, and 7 d postmortem using a CR-310 Minolta Colorimeter (Minolta Camera Company Ltd., Osaka, Japan).
Tenderness
The LM was removed from the right side, vacuum packaged, and aged an additional 6 d at 0 to 4°C for Warner-Bratzler shear force (WBS) evaluation (AMSA, 1995) . After aging, two 2.54-cm chops from the LM were removed, weighed, and cooked using an impingement oven (Lincoln Impinger, Food Service Products Inc., Fort Wayne, IN) at 176°C to an internal temperature of 66°C. Chops were allowed to cool to room temperature and then weighed to determine cooking loss. Six 1.27-cm diameter cores were then removed parallel to the longitudinal orientation of the muscle fibers, and their peak shear force was measured using a Texture Analyzer (TAX X2 Plus Texture Analyzer, Texture Technologies Corp., Scarsdale, NY), equipped with a WBS attachment. The mean of 6 cores was used in the statistical analysis.
Fatty Acid Analysis
On the day of slaughter, SQ adipose tissue adjacent to the gluteus medius muscle was collected, vacuumpackaged, flash-frozen (using liquid N 2 ), and stored at −80°C. Muscle tissue was collected 24 h postmortem from the left side of the carcass from the LM at the 10th rib, trimmed of external fat, vacuumed-packed, flash-frozen, and stored at −80°C.
Fatty acids in adipose and muscle samples were extracted using modifications of procedures described by Hara and Radin (1978) and Beaulieu et al. (2002) . Ground muscle and fat samples (approximately 300 mg; assuming 20% lipid), 9 mL of hexane:isopropanol (3:2), and 2 mL of internal standard (C19:0) were homogenized using a Kinematca Polytron (Brinkmann Instruments, Westbury, NY) and centrifuged at 1,200 × g for 10 min at 4°C; the upper hexane layer was removed. The residue was washed twice with 3 mL of hexane:isopropanol, and the upper hexane layers were removed and combined. Ultrapure water (6 mL) was added to the hexane layers to separate hexane-fatty acid and isopropanol layers. Samples were then centrifuged at 1,200 × g at 4°C, and the upper hexanefatty acid layer was removed and placed into 2-mL vial. Hexane was dried under N 2 gas to approximately 1 mL and resuspended in benzene. The fatty acid methyl esters were prepared by adding sodium methoxide (2 mL), to the hexane extracted fatty acids and incubating at 50°C for 10 min, cooling on ice for 5 min, then reacting at 80°C for 10 min with 5% methanolic HCl, followed by cooling on ice for 7 min. Hexane (1 mL) and 6% K 2 CO 3 (7.5 mL) were then added, and the reaction tubes were centrifuged for 5 min at 1,200 × g at 4°C. The top layer was transferred to 13 × 100 mm Teflon-lined screw cap culture tubes with 0.5 g of anhydrous sodium sulfate and placed on ice for 30 min. The clear layer containing fatty acid methyl esters was transferred to 2-mL vials and capped immediately. The relative concentrations of fatty acids were then determined by GLC as described by Santora et al. (2000) and Palmquist et al. (2004) using a 100-m capillary column (SP 2560, Supelco, Bellefonte, PA) and hydrogen as the carrier gas.
Statistical Analysis
Feedlot performance, carcass measurements, and fatty acid content data were analyzed statistically as a randomized complete block design in a 2 × 2 factorial arrangement of treatments using the PROC MIXED procedure (SAS Inst. Inc., Cary, NC). Pen served as the experimental unit. The model contained effects due to preweaning diet (with or without oil), postweaning diet (with or without oil), and pre-× postweaning diet interaction. Statistical analysis of retail color was conducted using a repeated-measures model with preweaning diet, postweaning diet, day, 2-way interactions, and 3-way interaction included in the model. When interactions were significant (P < 0.05), the PDIFF of SAS was used to separate differences among treatments.
RESULTS AND DISCUSSION

Growth Performance and Carcass Characteristics
Neither pre-nor postweaning oil supplementation affected (P ≥ 0.26) postweaning DMI, ADG, or feed efficiency (Table 2) , and there were no interactions between pre-and postweaning supplementation (P ≥ 0.15). In similar studies investigating oil inclusion in lamb finishing diets, growth performance has not been affected (Bolte et al., 2002; Boles et al., 2005) . However, other researchers have reported improved ADG and feed efficiency with supplemental fat. Knott et al. (2003) reported increased ADG and greater G:F in lambs fed a finishing diet for 48 d with a greater fat content (7.3 vs. 5.2%) than the present study. In contrast, longer duration of oil supplementation during a 6-wk finishing period decreased BW gain in lambs fed high-concentrate diets (Bessa et al., 2008) , but this diet was greater in fat (12.1%) than the previous studies. Palmquist (1994) reported that digestibility of fat is limited, and in diets in which it represents greater than 16 to 20% dietary ME, digestibility may decrease linearly with increasing intake and therefore would reduce BW gain.
Carcass cutability measurements of HCW, backfat thickness, and kidney fat did not differ (P ≥ 0.59) among treatments (Table 2) . Longissimus muscle area was greater (P = 0.05) in lambs fed the control diet preweaning; however, when analyzed as LMA cm 2 / kg, the difference among treatments only tended to be greater (P = 0.08). Previous research on oil supplementation in high-concentrate lamb diets has generally reported little influence on carcass fat and muscle measurements. Similar studies in lambs (Bolte et al., 2002; Knott et al., 2003; Boles et al., 2005) have reported no effect of oil supplementation on HCW, fat thickness, kidney fat, and LMA of lambs fed high-concentrate diets.
Subjective measurements of carcass characteristics (leg score, overall conformation, lean color score, quality grade, and marbling score) did not differ (P ≥ 0.19) among treatments, nor did intramuscular fat content (P > 0.30). Few studies investigating unsaturated oil inclusion in high-grain diets have reported subjective measurements of lamb carcass quality; however, these results are in agreement with those of Bolte et al. (2002) who found no effect of oil supplementation on marbling score, conformation score, and quality grade, and those of Bessa et al. (2005) who also reported soybean oil inclusion had no effect on intramuscular fat content in lambs fed high-concentrate diets. Several studies (Beaulieu et al., 2002; Madron et al., 2002; Gibb et al., 2004) have reported no differences in marbling score or quality grade with inclusion of oil in high-grain beef finishing diets.
Overall feedlot performance and carcass characteristics were not affected (P ≥ 0.10) by pre-and postweaning oil supplementation. Furthermore, no differences (P ≥ 0.19) were detected in fat content (backfat thickness, kidney fat, and intramuscular fat) between treatments; therefore, fatty acid composition is not confounded by differences in total fat content.
Meat Quality
Chops from lambs supplemented with oil postweaning had overall darker color (L*; P < 0.001) in retail color evaluation than chops from lambs fed control diets (Table 3 ). In addition, preweaning oil supplementation resulted in greater (P = 0.04) a* values (redder) and tended (P = 0.10) to have greater b* (more yellow) values compared with chops from lambs supplemented without oil. Otherwise, objective color measurements were not different (P ≥ 0.28) among treatments, nor were there any treatment effects on objective color during simulated retail display (data not shown). Some studies have suggested increased lipid oxidation and reduced color stability leading to shorter retail shelf life in grass-vs. grain-fed ruminants, which has corresponded Fatty acid composition of lamb to a change in fatty acid composition from more n-3 PUFA than n-6 PUFA (Yang et al., 2002; Nute et al., 2007) . However, studies supplementing lamb-finishing diets with linseed, soybean, and safflower oils (similar FA composition to this study) have not reported any effects on retail color (Boles et al., 2005; Nute et al., 2007; Bessa et al., 2008) . The differences in objective color reported in this study are relatively small and may have little practical significance for consumer perception.
The inclusion of oil in pre-and postweaning lamb diets did not affect (P ≥ 0.62) cooking loss or tenderness. This is consistent with previous studies, which have reported addition of unsaturated oil to high-concentrate lamb diets did not affect WBS and water-holding capacity (Russo et al., 1999; Bessa et al., 2005) . 1 Pre = preweaning lactation diet of dam and creep diet of lamb, control = without vs. +Oil = with oil supplementation; post = postweaning finishing diet of lamb, control = without vs. +Oil = with oil supplementation.
2 L* = color values measure darkness to lightness (a greater value indicates a lighter color); a* values measure degree of redness (a greater value indicates a redder color); and b* values measure degree of yellowness (a greater value indicates a more yellow color).
3 Warner-Bratzler shear force.
Fatty Acid Composition
A pre-× postweaning interaction was detected (P < 0.05) for 2 fatty acids (18:1cis-9 and 22:1) in SQ fat (not presented in table format). Otherwise, no pre-× postweaning diet interactions were detected for most of the individual fatty acids in LM and SQ fat; therefore, main effects of fat supplementation are presented in Tables 4 and 5 , respectively. Supplementation of linseed and soybean oil as a source of PUFA in lamb finishing diets had only modest effects on fatty acid composition of muscle and adipose tissues. Similar studies have come to the same conclusion based on effects of feeding unsaturated oil supplementation in high-concentrate diets in beef (Engle et al., 2000; Beaulieu et al., 2002) .
No treatment effects were detected for total SFA concentrations in muscle (P = 0.51) and adipose tissue (P = 0.71). Individual SFA were minimally influenced by dietary treatment with preweaning oil supplementation. Palmitic (16:0) acid concentration tended to be greater in adipose (P = 0.10) and muscle tissue (P = 0.07), whereas stearic (18:0) acid concentration tended to be less (P = 0.11) in muscle from lambs supplemented oil preweaning. These trends were not observed with postweaning oil supplementation because no differences were detected in palmitic and stearic acids concentrations (P ≥ 0.26) in muscle and adipose tissue. In previous studies including oil supplementation of highconcentrate diets, inconsistent responses of individual SFA were observed; however, in most studies total SFA Fatty acid composition of lamb concentrations were unchanged or slightly reduced with unsaturated oil supplementation. In agreement with this study, Knott et al. (2003) and Boles et al. (2005) reported total SFA proportion in muscle and adipose tissue was not different with supplementation of safflower oil in lamb finishing diets. Bolte et al. (2002) reported a similar response in muscle, but they observed a decrease in total saturates in adipose tissue. Longer duration of soybean oil supplementation also did not change proportion of saturates in lamb tissues (Bessa et al., 2008) . Overall, unsaturated oil supplementation in high-concentrate diets has been reported to have minor effects on SFA concentrations of lamb muscle and adipose tissue.
Longissimus muscle from lamb supplemented with oil pre-and postweaning had greater (P < 0.02) total PUFA content, whereas only postweaning PUFA inclusion exhibited an increase (P = 0.001) in PUFA content of SQ. Individually, LA, γ-linolenic (18:3cis-6,9,12), and eicosapentaenoic (20:5) were greater (P < 0.004) in muscle from lambs fed supplemental oil pre-and postweaning. Additionally, preweaning oil inclusion resulted in increased (P < 0.05) proportions of some longer chain PUFA (20:3n-6, 20:4, and 22:5) in LM, but decreased (P = 0.01) the proportion of 20:3n-3. These increases in longer chain PUFA may reflect increased concentrations of these fatty acids in the milk of the ewes suckled by lambs (Reynolds et al., 2006) , rather than an effect of supplemental oil in creep feed fed before weaning. The oil supplement fed the ewes included marine algal oil, which markedly increased the concentrations of longer chain PUFA concentrations of milk fat of the ewes. In SQ, effects of feeding supplemental oil on concentrations of PUFA fatty acids were not as pronounced.
Preweaning oil supplementation had a minimal effect on individual PUFA with only a tendency to increase LA (P = 0.07) and docosahexaenoic (22:6, P = 0.09) acid concentrations, whereas postweaning supplementation of oil had a more pronounced effect of increased (P < 0.02) proportions of LA and docosahexaenoic acid in SQ adipose. These differences in the responses of LM and SQ adipose tissue to preweaning compared with postweaning oil supplementation may reflect differences in timing of fatty acid deposition, with greater proportion of SQ fatty acid deposition occurring after weaning, but there is limited information on timing of fatty acid deposition in muscle and adipose tissue of ruminants.
The largest fraction of fatty acids in soybean and linseed oil are PUFA, more specifically LA and ALA, respectively. Although they are rapidly hydrogenated in the rumen, if absorbed postruminally, these essential fatty acids are the precursors to other longer chain n-6 (LA) and n-3 (ALA) fatty acids. As noted previously, preweaning diets high in PUFA fed in the present study increased the proportion of long-chain fatty acids in muscle (P = 0.01), but not SQ adipose (P = 0.23). The greater concentration of PUFA and LA in muscle from those lambs supplemented oil preweaning may reflect the increased concentrations of these PUFA in milk and creep diets consumed by the lambs, or an increased absorption of LA and ALA and subsequent elongation and dehydrogenation. In the present study, total PUFA and LA concentration of the milk of the dams was greater (Reynolds et al., 2006) compared with dams supplemented without oil. Lake et al. (2006) observed plasma and adipose tissue of suckling calves were reflective of alternations in long-chain fatty acids of milk from beef cows fed safflower seeds. Scholljegerdes et al. (2004) observed greater duodenal flow of PUFA, more specifically LA, in cattle fed cracked high-linoleate safflower seeds (>70% LA); however, individual ALA fatty concentrations were not changed. Kucuk et al. (2004) also reported a linear increase in duodenal flow of LA and ALA fatty acids concentrations with increasing soybean inclusion in lamb finishing diets.
Postweaning oil supplementation increased PUFA and LA concentrations of LM (P ≤ 0.02) and SQ (P ≤ 0.02), which is supported by several studies reporting that feeding PUFA-rich oil enhanced LA but not ALA concentration of lamb muscle tissue (Bolte et al., 2002; Knott et al., 2003; Bessa et al., 2008) . In contrast, inclusion of 5% soybean oil in high-concentrate diets fed to beef increased ALA concentration in LM muscle and SQ fat, whereas LA fatty concentration was not different with or without oil supplementation (Beaulieu et al., 2002; Madron et al., 2002) . These studies may indicate LA and ALA are deposited at different rates in beef cattle and sheep.
Both pre-and postweaning oil supplementation resulted in less (P < 0.04) total MUFA in muscle, largely driven by a greater decrease of oleic acid (18:1cis-9) vs. the increase in 18:1trans-10. In SQ fat, a pre-× postweaning interaction was detected (P < 0.04) for oleic and 20:1 acids. Fat supplementation postweaning (24.4%) and both pre-and postweaning (22.6%) resulted in less (P < 0.05) oleic acid in SQ fat compared with preweaning (29.2%) or no oil supplementation (27.3%; data not shown). Preweaning fat supplementation resulted in the greatest (P < 0.05) 22:1 content compared with the other 3 treatments, but the differences were very small (<0.03%). In agreement with the present study, inclusion of unsaturated oil decreased 18:1cis-9 content of muscle tissue (Bolte et al., 2002; Boles et al., 2005; Bessa et al., 2008) .
Consistent with our results, Bolte et al. (2002) reported no effect of feeding high-oleate or high-linoleate safflower oil on vaccenic acid concentration in muscle and adipose tissue. Vaccenic acid is an important precursor of CLA synthesis in tissues (Bauman et al., 2000) . The rate-limiting step in complete ruminal biohydrogenation of unsaturated 18-carbon fatty acids may be the biohydrogenation of vaccenic acid. Conversely, the trans-10 and trans-12 18:1 isomer proportions were greater (P < 0.02) in muscle tissue with oil supplementation postweaning, whereas 18:1trans-10 concentration in muscle was increased (P < 0.04) by preweaning oil feeding. In contrast, 18:1trans-10 concentration in SQ adipose was increased (P < 0.02) when oil was fed postweaning, but not when oil was fed before weaning. Griinari and Bauman (1999) demonstrated high-concentrate diets induce pathways which favor biohydrogenation of PUFA to 18:1trans-10 instead of 18:1trans-11. This is further supported by Duckett et al. (2002) whose study reported inclusion of unsaturated oils increased duodenal flow of 18:1trans-10 and by Bessa et al. (2005) who observed greater 18:1trans-10 content in muscle from lamb supplemented with soybean oil.
The cis-9, trans-11 isomer of CLA and total CLA content in muscle or SQ was not different (P > 0.29) among treatments. This would be expected because no difference was observed in its primary precursor, 18:1trans-11. Additionally, increasing PUFA concentration in the diet has been associated with decreased bioconversion of 18:1trans-11 to CLA (Santora et al., 2000; Bolte et al., 2002) . The cis-9, trans-11 CLA isomer appears to be the most abundant in ruminant tissues and most biologically active in humans (Ha et al., 1990) . Previous studies in beef finishing diets have reported the cis-9, trans-11 CLA content in muscle was unchanged with 2.5 to 7.5% inclusion of soybean oil (Dhiman et al., 1999; Engle et al., 2000; Beaulieu et al., 2002) . This is further supported by Kucuk et al. (2004) , whose study observed duodenal flow of cis-9, trans-11
Fatty acid composition of lamb CLA was not influenced by inclusion of soybean oil from 0 to 9.4%. Conversely, some studies have reported unsaturated oil supplementation in beef (Gillis et al., 2004) and lamb (Knott et al., 2003; Bessa et al., 2005) fed high-concentrate diets resulted in greater proportion of cis-9, trans-11 CLA. Stearoyl-CoA desaturase endogenously synthesizes the cis-9, trans-11 CLA isomer from 18:1 trans-11 (Palmquist et al., 2004) . To estimate stearoyl-CoA desaturase activity, the ratio of cis-9, trans-11 CLA to 18:1 trans-11 has been used by Lawless et al. (1998) and Griinari and Bauman (1999) . In the present study, cis-9, trans-11 CLA:18:1 trans-11 ratio in muscle and SQ was not different (P ≥ 0.33) among treatments. Because no differences were detected in cis-9, trans-11 CLA or 18:1 trans-11 content, this result was to be anticipated.
Another CLA isomer, trans-10, cis-12, was greater (P < 0.02) in SQ from lambs supplemented with PUFA pre-vs. postweaning. Although, trans-10, cis-12 CLA in muscle was numerical greater, this isomer was not significantly different (P = 0.74) with or without oil supplementation during pre-or postweaning diets. In the few studies reporting this CLA isomer, greater concentrations of trans-10, cis-12 CLA were observed when supplementing safflower in lamb finishing diets in muscle (Bolte et al., 2002; Boles et al., 2005) and adipose (Bolte et al., 2002) . Furthermore, duodenal flow of trans-10, cis-12 CLA increased in lambs with inclusion of soybean oil in a high-concentrate diet (Kucuk et al., 2004) . Griinari and Bauman (1999) observed that trans-10, cis-12 CLA was greater in adipose tissue and milk in cows fed a high-grain diet. In addition, Loor and Herbein (2003) reported increased production of the trans-10, cis-12 CLA isomer that corresponded with increased SQ 18:1trans-10, which was also observed in our study.
Some evidence suggests that a longer duration of unsaturated oil supplementation (Bessa et al., 2008) , greater forage to concentrate ratio of basal diet (Bessa et al., 2005) , or greater age at finishing (Rule et al., 1997) can result in a more pronounced increase on CLA content of muscle when ruminants are fed supplemental oils rich in PUFA. Results of the present study indicate the effects of duration of PUFA oil supplementation had negligible impact on total CLA content of muscle and adipose tissues.
Inclusion of PUFA sources in high-concentrate lamb diets did not increase CLA levels in the muscle or SQ fat of lambs and had minimal effects on fatty acid composition. Lambs suckling ewes fed supplemental soybean and marine algal oil and fed supplemental soybean and linseed oil in pre-and postweaning diets had increased total PUFA content of SQ fat and muscle tissue. Supplemental oil had no adverse effects on growth performance or carcass characteristics, but the modest changes in fatty acid composition observed in the present study would have minimal impact on the fatty acid composition of human diets.
